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c»#ai] 1 1 1 -vMksmmft(Dx.\z2**s\ 

;HS£fifcl}3^T\ -~y?Ztirc-?7>? 
*ffifcJ:5«S»*&»dW«iei: % fflBl&Sffliiltc. 

itME^ite?£^#M#$tfJl&S I I l-VM 

tesmw&timtzjMt. mMmm.xmi i 

i i-vift^i¥ 

I 1 I -V£fteflMP*ft&Hl3ffi*\ fcSl^tttfr? 
^^»?8«a(D{H/-c14K^*-r?. I I I-V«Hfc£ 

fc-r*»*s i xi* 2ie«<d 1 1 1 - vsKb^wmw* 
cifc^mst-rsw^Bu 2xti3ie«goi i i-v 

T\ 10127 r-fe-y hWilofflSg^ { l - l o l } ffiT*& 

x. ^h7^»ki i-2o>*(fi)^/cti<i- 

□WW 7] fi3ESffi«s Mg A I 2 0< ®& Si 
Z n Ofiffi s S i CSffi, L i G a Oz SIR, 

a i z o 3 stgov-rn*^ i -ofrZMiRztu mi i 

1 I -vmttG&mmt* G a NI, I n G a NBk 
A 1 G a NK, I n NE G a Pi, G a A sJiOV-f 

n*> i o*»&aw*n«c t^^t-rsif^ i xit 

2 Xtt 3 X« 4 tOS/O I I I - V b£tt¥*tt4)j£ft 
C»*38] tOte I 1 I-VM:6ft¥3»tttfGaNK 



GaN, ts£lSA] GaN<D?*>'p%<tt>2-2<Dtfn 

frt>Mf&-£tiT^zct&mt?zmjm ixuzx 

«3Xtt4E«OI I 1 -VM\teMl¥mfr(Dl8.m> 

Ho 

[«#39] 1 1 1 -vmt-&mm»ti&m>m 

T*77t7 h#§££>6/diL£*<e.JS«Lfc I I I-V» 

EI I I-VM^^ft<D$«lC£r>B5f277-fe-y 
bmtWWb&&ftTJIMZti1i I I I-VSHbSflW* 
«#££*rf*cfc£^fc-fsi I i-va^b^j# 

am 

rawtsi o] 1 1 i-v«^^wNiw*fctt?®Rjf> 

«T7T-b'yh«i*«jaU*A^J«*LfeI I I-V 

«MNK*O^Si: t €> t Wfe 5tm*W< \ MfiB I 
I I -V^b^NI^Ofigftfcj: S 83127 r-b«y h* 

jfi*^a«)iisnTjB^nfc 1 1 1 -vmtsw/mw 
tmtz 1 1 1 -wmt-^mmmx^x. mi 

I I l-V»k^14MWW*^6^a<i:ti)E»g > 
SI I I-VM^¥##ffito 

ci»#a 1 1 ] HutBSffi»ffiic. mumwmc^m- 

& I I I - Vj£fb^¥a«*£|l|i;tm*\ 
30 ?^"MRiKafl»(Oft(^ttH««r« I I l-Vfcit 

sy&m&mtitzn, wi\ i i-vflefbaaflmw* 
%m±^x?ttmc£%immmmi$.t<tixz£ t 

-vMb^¥»{*Mo 

Ot$gl 2] GaN^mi:«f^«iM 
* gTS$gfg$©G a N&^ttfc £&lCitufETX*# 

imm 1 3] M^n i z lamtnrcG a n^^ih* 
mojg^oa. b5ibg a NS*awa!b^'>a< tttu 

©t-r^G a N^^^^fiSD?^. 
nt$3 1 4] G a N^|^^«m^ J M!»SMHK 
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•y h#fjg£j&£L&#e>$SLfcG a N^^ttA^KS 

MfE7 7-fe>y MHJto^Sftj&^nTflgdt^tifcG a 
i|mfl*#r * C £Z¥fflittZ> G a N£¥jgttffli 0 
msm 1 5] M*fl 1 4fE«©s3fEG a N£¥s»ftH 

G a n%^mmoM^.<om^ MEG a N?S^W*I1 

±kg a NS¥»«*^<oa)K«i*»jtr<5ie** 

So 

1 7 ] M$H 1 2 »CfE«<DG a N&¥«f*IK<D 
fcmmc, MEGaNS¥i(WilCGaN3M!W4[ 
JR7©«liWi*}R«-*XBfc, MfEG a N&¥## 

t 5 c t ttft® h~t%>G a N a&WfMMHIGlK) 

k.t%mm. \ 6, i&SWiW^Jll 7fE«0GaN& 
Dft$9 1 9] MfEG a N3R«Jie*WG a N&¥i»f* 

is-v-e&sct&mt+zttsm i siewog a n 

[Iit*S2 0] W*fll 4feS^ttgi*ai 5KIE««D 
G a N^¥*l#§i±fc G a N^^ft 

[W*«2 1] Rt&gl 4fc«W4Bt#®l 5EWDG 

a N^^i*jg±tc g a n xtmim&omMis&m 

«BEGaNJMimttai*»5i!>a< fcfcMfES 

DM*«2 2] MfEG a N&iNKt*F*i, #7As\<r 
um&tStsG a N3MWW*aBfc*™&5 1 
fc-f Sfit*S2 0fe«V^tttt*S2- 1 fE«©G a N3v¥- 

B»&B2 3] MfEG a NSSDfcS*?** G a N&¥j»{* 
U— «fP*4C fc*1«Rk-r*llWW2 2ISKOG a N 

01*52 4] m$gi 2*>z\tvtmsmi 3Iek(dg 

a N^NKM»0^lSOft(c % MEG a N£¥H«i± 
fcGa N3R^iHW*«?*»J*r*xa*#r*C 

[W*S2 5] mim 1 2fcB«©G a N$¥8ttffi0 

mmwmc Mfsc a n^¥j»«i±icg a n^mb*** 

ttmtffrZXnt. MfEG a N&¥3W*§i*^'>& 



CttttmttZG a N3M*#«*y©«i6&&, 
OH** 2 6] MfEG a NJS¥SW**?H:, 97)\^t 

i:-r^.ii*a2 4fes^aw*a2 5be«©g a njr* 

m#m2 7] MfEG a NITOG a N^^»^ 

u~trr&* c t zumttzmim z 6 ie«© g a n 
io m$g 2 8 ] mtm 1 4 sb&wm #m 1 5 icies© 

MfEG a N&¥SWWi±£G a N3MNM**fjWEl«« 
tlX^ZHtZimttZG a N^^#«? 0 

DM 2 9] Mf&g 1 4 HEKOMBG a N%¥9tf* 
HtfcG a N^^<**?*^fi£24"U MfEG a N?S¥ 
g«SfrP>'>&<fc*>MflE*«> vx^»fijW«**n 
T^SC t&mt?%> G a N^NVitiR?. 

H*#E3 0] MfEG a NS^mif**Ftt, *f7;Wr 
n«ifi£$€f G a N£¥SW*58lSiep-i?fcSi: 
fc-rs»#«2 8&3Witt*«2 9fiE«<DG a 

Oft*® 3 1 ] MfEG a N£3Sfc*y#G a N^¥«» 
b-+fT*fe^Ct^#^i:-rsiS*3S3 0IE«tDG a N 

[000 1] 

* 7i/j«ss-i**sffiRtf c <oj«jKrffic tit «fc o 

30 T»5ft*I I I -VKffc^1&i|mW«iHcBWS. »K 
^ll^P(icD'>^:^¥»ftM©ffM^ffili^G a NIS^» 

[0 0 0 2] £ £{CG a NIMf^ttf^&tf^SaS* 
[0003] 

[ffl£*©w i 1 1 — v«eft^«Mm»#*T?, maa 

ftifUf^ (GaN) ^«lj^ffi^3. 4eVt^ 

io LTag^nxv^. 

[0 0 0 4] CC^fflV^fcMf/WX^BtS 
GaNOi^ftlSft-Ptt, SBK09MIE«tiC 
tf/WX«f»T6i&tt, 01J^(f-9-7Tf7 (A 1 

2 o 3 ) s«i*if©j:3a«?s», «yi3i#is%^ 

so tlT#ft. 
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[000 5] 

y?7jl3 2# (199 3) £1528-1 5 3 3Hj 
(Jpn.J. Appl.Phys.Vol 32(1993) pp. 1528-153 
3) o COJ:5*«*fctt, r/WXLLTOMffim 

C0 0 0 6] t/-c!S^S^<Dxtf^+->+;UfiScWc 

2tf £ C t ffWBPF 8-6 4 7 9 1 WjmictffiZtlZ 
^^#^¥8-6 4 7 9 1 ^S<D0IJT«S i 

[0007] ^wRosmt. i&^v»mm§w 

< , 3: fcffV MSfctfg LT t> * 5 v * A ?> < 

[0 0 0 8] ?5fe:*Sffl8<Dfl6(Oi«a, ±IBxt?^+ 
->*;l/fiKft*G a N^^*<D|£gtc#iJfflL;igJI^<D 
'>&l^G a N*i|mW*«*ffifiH-SC: kfcfeSo 

[0 0 0 9] *fc*SWi©fl&0B«tt. ±IBxVf^^> 
+;l/J«UCJ:0**«nfcG a NJMfmWtftifcG a N 

g a m*mwmm?m 

31) SrftS-fSCttCcfcD, «lfc*?4$tt©fl&ft« 
G a N£¥*ftfR? G a N&^ftfSftiSH 1 ) 

[00 10] 

fca^gQ *58HOI I I-Vlft^ 

mmfcmmmi*. 1 1 i-va^Mwaaox 

/£ftSB«£M2»«k^£&^M§^*ms I 

1 1 -vmteMtmt&zi&mTzxmt. tnm.m 
mxms. 1 1 1 -viM¥i#*77t-y h®mz 
je&utifibaaki&> m&T&i&mmoi i i-v 

[0 0 1 1 ] Sfc*f8»t> I I I - VfleffcSIWmflHD 
iSftSffitt, I I I-V«flt^¥*{*€>xkr**->+ 



H^sjgftKWDi 1 1 -vmit&m- 

io So 

[0 0 12] «6t*»180l I l-VMk£&mto 

ttm>mmm<nmcVLm$:M-?z> 1 1 1 -vmt 
20 [0013] *%.w<d 1 1 1 - vMtB&mwm. 

P3g£»fiSb&tf£/$ftL/c I I I-VSft^tm 

kfc€>fc*ae7x**m*flfc\ *as3i i i-v«^ 

± <? 19127 r -fe v bffl&&m&&&ti 

xm^ntci 1 1 - vwut&fat&mmzGtz c t 
ttumt-rzo mzi 1 1 -vasft^aMHw* 

[0014] t/c, m^^ttmtimnwmmz 

*wa*»W*Kja**-* i i i -v«^ftWNM*i:ra 

[0 0 15] *5S»0G a N5M**fl«©«Jft*i£tt* 
G a N^^f*t+S^^|^?B^^S^-5a«a 
ffi, fc*WitMBS^fc«J«SftfcG a N&¥»f** 

fiETSISi:, ml8Hfig»S^K:GaN^*IW*^77-b 

[0 0 16] *5S*DG a N^¥»{*OT1i^m^W 
so ffitt, G a N^4^i*M^fiSc<D'^lC. bWEG a 



7 



(5) 



IffffWl 0-3 1 2971 

8 



IS*^>&<i:fcitufES«. vx**m%|tfe£irsi8 

[0 0 17] *%B^<DG a N&^{*IS?cD§&g£i£ 
It, G a N&^^QffM<D&lC, ffitEG a N&¥» 
ftSLLKG a N^i^^^^fitr^ig^-rsi: 
fc£&&i:<r&o £^CGaN&^«DJgf£<D& 
IC, mffSG a N&¥3llf*§i±lcG a N£¥*W*fSH^ 
f£f iififEG a N^¥*f*§ifr£'>&< fcfeM 

{ChiJIEG a N»WG a N£¥j»f*U— tfT*££ 
[0 0 18] #$P!<DG a N^¥*»»{i> G a 

#&jj«UfcG a N£¥£ft*Wf 3$»IiSS<DG a 

icftfEG a N%&m*<D&mc£ DB3fE77-fe>y h«Ji 
ffS^SntVSC 3:fcit*fBG a N 

[0 0 19] #f8P3<DG a N^«i*«H«ii{i, tttSB 
©Ga NR*|s«W*tt±fcG a N^^»#|g?cDaM«ji 
)WBjS2ftT^S C tZftWitTZo £e>tciififEGaN 

[0 0 2 0] *5S8©G a N»¥««**?tt, G a 
¥£f*§i±C G a N&¥»f*i£? jW&fcStlT^S C- 1 
^^t-T^o SftWEGaN3MNW«ll±KGaN3R 
¥*ft*?jWBjaS*U MEG a N£¥*tt*II*^>& 

[0 0 2 1 ] t &KtfBBG a N^¥#<*lR?«, 2"7> 
tmtTZo MIEG a a N^^^b 

[0022] 

[0023] (mi <o$m<Dmm *$&M<om i ©uss 

[0 0 2 4] Mfefc, SlfitWIfctttttt&gfcU ^© 
*©:DBT?j^f StttteEUft*. &3Wi^<D*mfc 
^^ J MB»B^Ofty£tt«*#^* I I I-V« 



l 2*2Hfi±icritSU *03tiB±»c7* 

«±OJ«Sji«*iHK-r*vX^ 1 4*JglKf 4. VX 
^©^KtiXh7-r7fcU COfctvxiU 4<DJP£ 

vx^l 4©Xh7W:/IHtt, il*t0. l/imA^lO 
(imiitLfc. (01 (a) ) „ 

[0025] figgs«t*tL 1 1 1 -vmit-em 
*mtm<Dx. ? c vx^i 4©m 

istfx, gJStfx, g-fcfciu 7j<^i:g^©®^**Xi:v 

t, mamm 3ic 1 1 1 -v«fk*%¥sw*i 5*j« 
ft-r^o »tt<«i i iwmucm 

{m*m^zmmwmk\z&%w®fm (vpe :v a 

por Phase Epitaxy ) Tfr5a\ I I lffiffiUcli 

mmzm^mmit-€M%.mi&B: (mo c v d : 

Metal Organic Vapor Phase Epitaxy) ^ffl^Tt 

[0026] iii -vmit&vn^mte 1 5B, mm 

fti 5tc«77fey h«jI*%M£*i3o c©i:*<oi 

jfijWBdWtflSJ:? 6 5 OW?. 1 1 0 CODjSffifl 
fi. I 1 lKMmi^LI(^62 0000 0 
^«^SVS^RO««&«0|gHT*fT?o (01 
(b) ) o 

30 [0 0 2 7] S6fcxe**S/-wPj^*«tt3l: % 1 

vx^ 1 4?rga«J;3tc*4o *UTBW»^4«ft«« 
OI I I-V«Ht^%iNW*l 5 <D77fe>y biffing 

«rrs (Hi (c) ) o 

[0 0 2 8] «5Kxlf**S/+;l/J«ft**J*fc, 7 
r-ty H»fi**«4{>iiSn (01 (d) ) , 

a, ¥iH**ffi=&*-rs 1 1 i-v«6ft:^«¥si««i 

5*f|5Ci:A^#S (01 (e) ) „ 

40 [o o 2 9] aft, ws±u:^Mmi^m»(oms: 

[0 0 3 0] ^atOJgffilC J:*^FffiTI4, jMSMgtC 
it)«fi«WK:77-feyHBfi*JBj«bT^*o c©7 

7-fe-y hOHJ^fCt QMltfy 7 -fey MCftfroTji 

*, SKtSiStfftfrt-»feiEta[*^iiaa:*iRi'\fft;s 

50 ci:A^T-t^<&4 0 l^ B 3 B ^|5(ltt77-fe-y KDfiRStt 
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[0 0 3 1] Wfc I I I ttRHfc«fbM«ffiv^««ftM 
[0 0 3 2] II I &fllttK:?itt^&ffl^«# 

)^xm^mtm<r^t,\ ±&<d£o\c<di i i- 
«^iofl«eaAWiit«fc«)j«fi««K:tett* 1 1 i - 

vjJHfc£itMN*tt i 5 <Df&M&it*tb& c fc wet § 0 

[00 33] (£2 <D$ft®)ft|R) ttmVBI 2 <D jfei 

(dmco^t, 1 1 i-vwfo4ftppmw>xv** 

[0 0 3 4] 05 (a) ~ (b) 1 <D$m<DB 

mom I (a) fr£ (e) t^«SXST*^»tTV^ 

fettittw^iiwrso mzaymsmsr^tt. 1 1 1 — 

¥fflffcUfc«fc, S2©VX^*K^ (H5 (c) ) % 
Sf&fcfro-CVS (05 (d) ) „ 

[0035] mzom&mmxHt, mi (a) 

(e) OftStimtl&iStXfcfciDJB/KLfc I I I 

- v wutGM¥m&m<Dxm&ttz % % c t 
[o o 3 6] i (Dwmwmbzwm 2 <o^m<r>m 

$ft^£^C^T*&(X AI2 O3. Si, Si 
C. M g A 1 2 04 , LiGaOa , ZnOfCiS 
/ \©> GaN, GaAIN, InGaN. InN, Ga 

AsxacaPfoi 1 1 - v mt%® *mw<Di$,mc 

[0 0 3 7] £fc01fc5OHi05T'ttg«tC*<9&<D 

& 3 &mmmmrz i m*m-tz> 1 1 1 -vma* 

lSffiKBgvx^JMLTSl (b) ~ (e) $>Z> 
VHii5 (b) ~ (d) <?>7*n-teX*fT-3TfcEltta:» 



[0 0 3 8] £ £K$^©Jg^T*«V7,^ l4tLX 

zh7j-?ft<D/<#->zmvrzi8.gmmic-o^xBm 

[0039] (313 (DfmoMM) 3 

s i <D&m<DBmh%iHm2(DmM<DBmxm.wLrc 

[0040] m3<Dnm<mmte. m 1 ©nst<o«^fe 
ic-o^xitmmttmwttZo 

[004 1] ttUfcte, G a N$3^££ltiMR0rt> 
20 [0 0 4 2] mci&mffiniCttL G a N&¥«M*flDXfc? 

^<D^ B ^ft^ffiti> 1 1 lmmtocfivyi* (g 
a) fc*tak* (hc i) (DRjt&ffltreibzw&JV 

7A (GaC 1) fcVflaRBfcTV^xT (NH 3 ) i3 
X*ffl^*«flSMlfcaSftteJ:««Haft (VPE :Vapo 
r Phase Epitaxy ) T*S&«/vf K5>f KVPEffi 

ft (MOCVD : Metal Organic Vapor PhaseEpitax 
y) fcfljV*. fiJt§fififci6 5 0°Cfr?> 1 1 0 OXXfi 

30 v\ vmmvmimiii i i«s«ofl9ftBcjtL^ 

2 0 0 0 0 ote&GM&f ftfcf<fcV\, 
[0 0 4 3] G a N3MNWW©x£**$/+d/j0MI 
tt, SloasMKDJBIBfcHate, G a NRiNMfcWSJW 

Sc 9» J&fiSWSthcDG a N$¥Wm£(i£&«>ffi# 

[0044] xe**->tMS5a!(t« i:, GaN^ 

9 h«jgt8«T§o 55Kxli**s/+;bj«ft«Htt 
St, GaNimiat)77t7 HHJS*<aiM&$ 

[0 0 4 5] G a N«/W7|gJ|©f^tfraS&fc«>, 
fia?(DG a N^#H(*0*g|%^ST*(i«gi: LT-9-77 
-T7»K, S i CSfif^^T^/i:^ CtlZOWR 

&G a N^^n^ta^^ajf^a^s^s&oTv^ 

CCftfeGaNJSiNWaoxtr^+S/^^iSJSSff 
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[0 0 4 6] #SyS©}$gK,fcSxe**^+/l/|Sft£ 

z£mm±wz. titmice »>aRWfc«jssnfej« 

ftfSSt, ^ffi/7ftfc«fl&3ffi75ft©77-fe-yF;St 
ig£*Tf 3C a N3S¥*f^xe**->+jl/jSgLTV 

©l?ffittjfifr L, fc<gffi;tf 7 7 -tr y Hci&ifroTit 

[0 0 4 7] LfctfoTG a N&^ft<Dgb B B y«7 
rfcyh0J*gfci:fcfc:«£|fijl«:fl»fe>*U GaN&¥ 

■v /Wirt ©*i«6<offi»WH- 6 ft£o 
[004 8] C(DJ;-5{i:»K±fcvx^t«fcD^iRWK 
JgjS*nft»Sfi««fc:77-b-y h«ig^f 3G am 

mtmtti&mtz ctr\ g a n ^^^toiigii^ 

[0 0 4 9] ^3©HSfi©«^T?»e.n*G a 

(t7 r 7SS^) t 7 G a N 3Mf^W*0-» 

OSffifcLTffll/^Clt^T-t-So C©<fc?&GaNm 
¥»i*lg±tc G a N&¥«ft}R?£{tg <T3 CtX\ G 
a N^^»^©«jl«ifi(D^ B B B tt^B5f#-rs C t # 

[0 0 5 0] SfcG a N^Nffti?*^ a NI^NM* 
TcG a N3^MIW«8M^Kfctf S®IEBB^0«Bg 

[0051]$^!CGa N&mM&tte^ffG a 

lf©l§£a\ G a Nimt^wi 

[0 0 5 2] Ste, ff!3<D^S&(DJ$ilCtett3GaN& 
^{*ll<D^i8BBJLtJ{f 1 ©£»flWgS©xtr**S/ 

■v;i/^«*fflv>fciaet Lfc*v m 2 (ommnmrnx^ 
[0 0 5 3 ] £ 3 wm&mmixmett. g a 

[0 0 5 4] ££^»&C>f^cfl!^5TX7£LT 



<DJg«Uctett*G a N&¥j»f*§li: LT14G a N, A 1 
G a N, I n G a NWtfhtf <bt\Z>tfG a Ntf§&#3: 

[0 0 5 5] JfcGa N LTW\ GaN 

»i|£|W*U— f^G a NJkL E DH^G a NIMNK^fS 

ym&omz f e t^h b T^n^ux^mm^ 
[0056] on 4 tDmmmm) *mnom 4 <o^ss 

OJgffitov^T, H6*#JKLTS8irf5o 
10 [0 0 5 7] m4<D£M<mMlt. G a N&¥jfttt|f& 

<&©xe**->*;U$g£fiJ/8LTG a N$¥&tt0K 
%«SU 5e.lCCCDGaN?^NI«:j?ffii±{CGaN^ 

¥m&&*rmrz *><Dxtbz> 0 

[ 0 0 5 8 ] m 4 G a N?fc#t»tt§i± 

OGa NJ&mti&ft UGa N3K¥*{eg3teJie?* 

[0 0 5 9] « UiMC, SMBfc^XffcJ&SU 7 

* MJ v^77^-Si:7x7 hxyf-y^-evx^i: 

20 )fil®«lcMf5„ SSfctt, G a N£¥#{*fcSili 
Sfl» J f>^5£»©JiftS^I^±lCG a N&¥«* 

[0 0 6 0] vx^Stfl«g«W<i!»gtti: LT«\ m 1 

K7rH2-y htftfMf STCT^f So 
[00 6 1] atfc/SgSWlcftLG a N&¥a»tt©xtf 
^^■v/l/^g*fT5o G a N3S¥»»©«Sffia:, I 

i itfasRtc«'j«7A (Ga) tmibm (hcdo 

Kfc&jmx&^tm 7 A (G a C 1 ) t vmsm 
30 £7^x7 (NH 3 ) jffXfcffl^S/vf F^-T F V P 
ESAIfSU* «1i^ft3HttS«5»; (MOVP 
E) £ffl(/Vt&J:V\> 

[0 0 6 2] GaN«^»<Dxtf^+->^;bfigS(i, 
m 1 ©IQI©JB»i:BI«te, G a N^¥*&tf#18M 

[0 0 6 3] xtf^r*S/+;l/J«S«Hlt*fc, GaNS 
So *LTBI»r*«gfiB*!DG a N^¥#<*^077' 

■b-y Mtjttgftirrs. * 5n:xe^*5'+;nsg*a 

»5fc, GaNI^W*U:<fct)77-l:«y M8jt#S«>j£ 

tn. ^wic«, ¥«aaffi^wr^GaN^*»i* 

H^iSCt^T't^o 
[0 0 6 4] #KG a N«l«iJ:£G a N^^tt 
SBBRTOJR^ffllJiSfWrs. G a N&¥3H*M££ 
figb/ctS, G a N«¥SW*«ft^l«*ftfcS«*MO C 

vD«HK-feyhu m^oaa. xxvm. v/i i 

50 IttT\ nSGaNJf, nSAIGaN777H, n 
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m a NtW h'M. 7> K— 7* 1 n G a N«?#pffl 
fc7> K-7 I n G a NfgitJf fre>&S£M?#F<S 
ififg1±a. pSA IGaNI, pSG a N»T KJi, 
pMAlGaN^77KE p^G a N3>?^ hJf^ 

[oo6 5] ^k, u— v-wmmmLrzwrnrnm 

§§tc-fe-y 1- U SS, S i 0 2 7X^, *5<fctf G a 
¥»ft)g<D-gl5£WgbTG a N&^(*IS£:8Hi£-e 
£ 0 SajLfcGaN?MM»{*§?©® N «WGaNl 

*»ttSB^^ssai!ifi: n mmmttBi&Limmic ?m 

[0 0 6 6] ^4<0Hi©»a 9&TF<D$J)&hmt> 

[0 0 6 7] m 1 <OHSg«»ffi(Dxtf^+i/+;l/^ftT* 
li^tl/iG a N^^#)S±{CG a N£¥«{*H?4f§ifi 

Sxfc! ^^^^;U^fi^|g B B B 14*^«T't, G a N£ 
[0 0 6 8] ££>(CG a N^^ttfS^tfG a N 
tWT'ZZrzlb, S£*<D<fc?£K7f X-yf-i/^^l 

&ftS:Dg?-®i£G a N^^ttJSfDSStej&ST*. 

[0 0 6 9] SftG a N?F^«:f§^?^G a NR¥ 
tlWfc £9 G a N^¥»^^— !f*Jg<D«ggg=7-ffi 

[0 0 7 0] £4©S&M^IBtt±8B©WHfc:R 

[007 1] G a NRiMWHUOXtr***'.* 

;VfiKSttmi<D*SSomfcitT*S<, ^2 0^180^ 

[0 0 7 2] £ P.ICG a N^SMfcSLhtG a N36¥» 

rcti\ g a N^mwmmmicmm. vx^GaN 

[0 0 7 3] G a N^^mwmt^mm. 

*B^ufce*feBwaLfcs«, g a N**mtm±imm 

[007 4] SfclcWWO^Kjav^^fcl/C 

i omfoomrnhzwrn z <o^mmmmwt 



©««llCfctt£GaN£^^fcLT«:GaN, Al 
G a N, I n G a NH*W?>*l&A<G a NtffikSf £ 

[0 0 7 5] $/cG a N3&¥SW**?fcLTtt, G a N 
If^G a N&L E D3I<DG a N&^jgftfg 
ft&frDmc F E T^H B T4if©7^W7.fCfeafflpf 

[007 6] 

io saw*. 

[0077] (fgi <dh»ij) ^momrnmc^ 

T, (0 00 1) ffi^77"f7 (A ! 2 0 3 )£&1 
1±K 1 /imSSOM/lOG aNll ZZhZfrUtbB 
fcLtcgfaZm^tCo C<DG a Nil 1 2SffifC S i Oz 
7* blWv7-i'-?£fc7x-y H7 
f>mx^l 4tfigSSR«l 3K#8Lfc. 
$1 3*5<fct/vx^ 1 4 ^tl€tl5 /imfciO^ /i 
m©iti(DXh7-ry^T-S-5o X1-7^^|b]«<1 1 
20 -2 0>7}|R]i;L/c ( (01 (a) ) . 

[007 8] jftftffiKl 3lCfigftf-5GaN^l 5tt, 

1 1 iwmucuvvi* (Ga) tmt&m (hcd 
(DEft&mvb&mtffvvL. (Gac i) tvmm 

(NH 3 ) ^%ffl^5/vf H 
V P Ea»^;„ 1 1 £/W K^-Y KOfiKSgB 
tC-tr-y h U 7j<^#HMT'fi!cgfa* 1 0 0 0"Cfc:#?ST 
figftrS**^LT*^, H C 1 ffiMZZ 0 cc/ 
«#T-#JSU NHaiSta 10 0 0c c/*#T*5#S 

mmr?z>ctx\ mm$. \ 3icGaNii 5<d u 

30 -10 1} iB*»54*7r-b<yh«Bfi*jaft«-&fc (0 
1 (b) ) o ?P.tc N 2 0^Hg*xe^+->^;l/jSft 

as-frfc (01 (c) ) „ 
[0 0 7 9] xe^+->Y;l/^ft^tfSCtlC«J:07 
T-b-y hSjS%a46ii* (01 (d) ) , ARatycU. 
5 NfH<D^ftT* 200(i mS«cD¥ffi^«S^*'r S G 
a NH*Jgj«S-&fe (01 (e) ) . GaNll 5*B 

* [ o o 8 o ] m i n%mmx^tfS.mmwm-^m. 
jsgteio^ ms^ ii-ion iw*«77t7 

[0081] J:»)J«SLfc^%»|fflCH^4 

50 itsnso 
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CO 0 8 2] £ 1 <D$mm\C£r3Tmi8,i<t\rcG a NHS 
1 5K«, *7r-f7«El 1 

BSftfc. Lfrfe* JPH«ft*fTofcGaN«K:H:, 
IfcWHUc^ft < , fcffiftAtt 1 0 6 cm 2 SST'& 

[0 0 8 3] **«WTli*UiG a NKttftRfl&tt 
C>S:< 1 C<D±£U— *f, FET\ fcitfHBT&if 

[0 0 8 4] $c.tC^7T-r7S«l lfcfflS^lCfco 
TK5Sf*CtT. GaNill 5*«BH»fctTJB^ 

[0 0 8 5] £ 1 OjUWUTtt, G a NH©xt? 
#tt&Rfc£4M(ffitfft& (MOCVD) *ffll,vrfeHI 

««a«««fi6n*. $fcA i 2 o 3 ski i*;gwc 

*>\ Si ZnOSfe S i CSfi, LiGa0 2 

WSL MgAlz 04 S<mffiv^Tt>PWft«MI 
*H»&ft*. S&fcA I2 Oa Sffill±tCGaN|g 

[0 086] SfcVT.^ 1 4tLTS i Oz ^ffll^fc 
tfcntCK&ttS S i Nx HcD^i* 
§tT'&J:</V CKDHMdT-avX^ 1 4<DiH£2/im£: 

*a**^i6n*o s&fcxh9-r7%<i i-2o> 

Sit<D*lRl<l-l 00>T*tJ;<, cn^^A^ 
•y h«B6^lS*n*ISajafi<0^J4^K:«l:oT* 

ft*****. 

[0 0 8 7] £fcG a NeDxfc?#*>^/l//£fi£O^T 
I n G a NE A 1 G a NE I n NH, G 
a P&fcSWiG a A s^xtf^^/l/^ftUTt 

m&tmtmztiz. s&K/aaw-si i i-vm 
[0088] (^2 onsfie© *%m<Dm z <ommc 

[0 0 8 9] HI2<D*Si§0ljT'tt, SfitbT, (0 0 0 
1) ES i CSffil 1±IC1 jtm@ft(DMWOA 1 o. i 

Gao.9 N^l 2%$>z>fr\;imfRLrd&B,*m^ 

fCocCDAlo. i Gao.9 NIS 1 2 ftffilc S i Oz 
««BJ«U 7*hUV^77^-ffi!:7X«yhx>yf- 

>^x^ 1 4tsxft^i 3K»«ufc. mmmm 

1 3. *5<fcO*vX^ i 4 tt, Zft^m jinu fcitfl 
0/im<Di|S©Xh5^7ttT*;fc& o X h^l'773[p)ti< 
1 - 1 00>73lnJi:tfc ( (01 (a) ) o 



[0 0 9 0] 1 3 fCfiJcft-rS G a Nig 1 5 (i. 

1 1 iSM&KtfU^ (Ga) fcififc** (HC 1) 

(DKfcqEjmx'&zMtm^L. (Gac i) tvmm 

fticTy^-T (NH 3 ) fittm^Z'^ H 

v p Effi^-ffl^fe as 1 1 *>w F5-r Koassa 

tc-fe-y h U TK^HMT'fig^igaf 1 0 o ox,\cm&t 
%o «ftJ8flE«^BSLT*»6, HC 1 »i«£2 0 cc/ 
S»T«U N HsSM 2 0 0 0 c c 5 #g 

)IW5CtT\ jftftffitfl 3£GaNitl 5© {1 
io - l o 1} jBft»5ftS7r-fe-y H»i&&86S-efc (0 
1 (b) ) o 

[009 1] S5>£, 2 0#IBgfixe**s>-wl/jKg 
*mi, -rztl 4^«9^T'GaN(D7 7-b>y hffifi 
1 5 (01 (c) ) „ 

[0 0 9 2] xtf^^> J p;^ft^t^C^lCj:07 
7-byM«S*S&ii# (Hi (d) K g**6fycti, 

5 tmois&v 2 0 0 n mm&m-tmmm^mt^ g 

a N«*J&SS-&fc (mi (eD.GaNll 5<DB 
jSft, NH 3 #X*mLft#e>#S&T?ftiPU j£ 

[0 0 9 3] S2<DSttW*fc«fcoT»l««ftfcG a NI8£ 

1 5tca, s i csfii 1 t v^imwrnmsw 

£ftfc. Lfrk, )WtjaS*fTofcGaN«tlCtt. 

<*K&£fi«l 0 6 cm 2 SST-feo 

[0 0 9 4] 3*3tt«Wed»UfcG a NMtt£K##tt 
COlKU-lf, FET, fc«fct/HBT&£ 

[0 0 9 5] $fc, S i 1 1 *WMWFte«toTI» 

s-r^cfcT% GaNii 5%&mtntLTm^zc 

[0 0 9 6] H2C»^Sg0IJTti, G a NUcDXfcf*^ 

*i«^S{k^3Mtam*ffi (mocvd) zm^rm 
mxmtmbti&o *fe&mmvfc s i cssi 

1 *fflV>fc*<, S i affi, Z n OSSx A 1 z Oa I 
%LW&Ls LiGaOz SM, MgAlz 0 4 WSM 

40 *fflv^TfcHttft«ufcWi5n«. ^^.tc s i csfii 

1 ±KHWOG a Nflg 1 2*fe5^U*WgJ«Ufc*', » 
«1 l±{CII^X^^figLTfe<j;^o 
[0 0 9 7] SftTXi'l 4i:LTS i Oz fcEVfc 

^cn^KP»n^ i £»©T-ti^<, siNx m<o^mw 

mvt>£l\ C<D^MmV\f^7.^ l 4©*S* I 0 nm 

aaaw&wi&ftSo ^e»icxh^^7^<i-i oo 

tSiSOTjlRX 1 - 1 20>T'fe«J:<, iine)©73lPlA^ 

50 &w*fcftflrcfc-3TfcisajaaM>*ttfc*»). 
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[0 0 9 8] 1 l±©Hfcl,TA ISM 

0. 1 ©A 1 G a NfcfflVfctf, CCDlgjjicfiffittQfe© 
cnmtLX^mck 1 N, I n G a N&if 
*ffl^Tfc|BWfc8**W&*l*. SSKGaNOxlf 
^S^I/fiStBlCO^Tj^fctf, I n G a NH, A 1 
GaNi> I nNE GaPlSWiGaAsMi 

[0099] OB 3 <0^fiSM> *I8»9S 3 ©HfigflJlC 

[o i oo] m3<Dmmmx'it, m&tLx^ 01 

DEOMgAlz 04 Sffi2 l£ffl</\fc„ C©g« 
2 1 Sffilc S i O2 §12 3 «gj£U 7* h 'J W?V 

74-mtv^v Yy-vf-yfx^T.^ 2 3 tisssm. 
2 z\z.ftm Ltzo msfimz 2, 2 3 a, 

% ft? ft 4 /im, *5j;t>*3 /im©ifi<OX F7-(7#;T*& 
So Xh^TTjftfctO l-2 0>^[R]ttfc ( (M 

2 (a) ) „ 

[0101] G a N«©l«g«4, VX^2 3±{c£S£H 
©G a N*Mtf**jWr5©KjlLfc/vi' F^-Y HVP 

E»*fflvfe, ccD^mx-it. 1 1 iaBRRt^ry^i, 
(Ga) tmvm (hc 1) os*sfes*Tfe*«fk 
#U7A (Gac 1) t. (nh 

3 ) #X£rfflV>3o 

[0 1 0 2] S«2 1 h L, 7j< 

**x%fl«eba* , & 1 0 0 o-mmtDm^x-mimL 

fcm, 5 0 OlCfcBiBS-fr, H C 1 SM£0. 5cc/ 
»#T*&*&U NHa «1 0 00cc/»»T'5^ 

gs«*a-r s c tr\ t&gki&mffim 2 3 ic« 2 0 n m© 

HJP© G a N>W 7 7«2 4»tf3 (02 

(b) ) o 

[0 10 3] C<DWn\ NHa #X£flU&Lfttf £ 1 
0 0 0°ClC#!g-r-So ^ftiSa*^LT*^, HC 1 
8HI*2 0cc/«»'PflttftU NHs i?Ml500 
c c 5 ftSttftftf 3 C T\ 2 2 © 

GaNA-y77-Jl2 4±lCGaN© {1 — 10 1}"® 

(c) ) . 

[0 10 4] ilf?*->tM«m 
* 2 3%«?g; T'G aNS2 5077^7 h$jg£fSt 

tt, WJttlCH:, 5 BSfficDfiScftT- 2 0 0/t miI&©¥S 
&Sffi£Wt3 G a Nil 2 5 (0 2 

(d) ) o GaN«2 5<JWBafflL NHa tfXfcttie 

[0 10 5] »3©*MWte*oTJE*artlfcG aNl 



2 5 (C(i, M g A 1 2 CU *£ 2 1 4:<0»?£»JH» 

CitfBlgSnfco Lfrk, JKRj£fi«fT?fcG a Nit 
fctt, W8«^»K^*<, 1 0 6 cm 2 Sflrc*o 

[0 10 6] *^SSfflJT*^fiLfcG aNJg«^R6*^ 
C>&<, CO±KU- if, FET, fcJctfHBT&i? 

&&fa±2&ZCtmmt%;Z>o SfcMgA 12 04 
10 S£2 1 £fflglflC«J:oTP*2rt<i>Ci:T\ GaNl 
2 5 LTffl^S C tt>XZ 5, 
[0 10 7] ^3©HSg0>JT*a, G a Ni?©xtf*^> 

*ffl^{fc£*»*a«gffi (MOCVD) fcfli^Tfcra 

w&hwmznzo *tc$mmx'\,t, M g A i z o 4 

SR2 1*«^fc*\ Si»«, ZnOlfi, SiC 
L i G a 02 SSu A 1 2 Os WSM^m^X 
*>WMimm%*>tlZ> 0 SSlCMgA la 04 2 1 
±fctt&VX*fcJ&i&Lfctf> 2 1 ±£G a NJI£ 

20 6M'C«uy^. 

[0 10 8] SfcVX^ 1 4 i: LTS i O2 SrfflWc 
tfCttfcK5ttSfc©T»H:&<, S i Nx §©*&£!{* 

i>\ vztz&&Msct<Dx%%mx'$>titfmmi3$) 
mmttiZo xh^/Ki 1-2 

ntSttcoTJioK 1 - 1 oo>Tt<t<, cne.©?^ 
[0109] %rc*mimixitw&±icimA>y77m 

PS?: J: D'>£ < -T3 C t *^pJtgi:^3„ 
[0 110] *S60>JT*(i, GaN©xe^t*-> 

^^jSfilCOVTiE^fcib^ 1 n G a NH, A I G a N 
m, I n NH, G a PR G a A s«?xtf^+v/-v;V 

j&&Lx^mm*%mmi>tiz>o t^c^.mt^i i 

40 tt&o 

[0 111] (^4©*SiiffiJ) *^©S4©*SS0lJlc 
ov^T, 03, H4*«!Sl/T»MW*. SStiS^W 

[0 1 12] **S6MT*(4, S«tLT (0 0 0 1) ffi 
©AI2 Os W&4 l±tCl /imil<0ii<DGaN 

[0 113] C©GaNK4 2SS1CS i O2 HSrJg 
figU 7* h'J7^57-r-Si:7xy Y^j^yfX 
50 TXi' 4 3 £jj£ftffi«4 4 tC»Slb/-Co fi£S€l«4 4 
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fi, 4 iim(D\M.m<DlWi (03 (a) ) , -2#3/im 
<DE.nim (03 (b) ) , t>J;lf5/imftOj0^ 

(@3 (c) ) <D3ast^5^x^^n€nfflv^ 

fc. 

CO 1 14] J&£U£j££&V4 4K$g-rSG a Nit 
4 5ti\ I I I NRRfcl-V (TMG 
a) RlfhV*3-/\<7>l^-VL> (TMA1) tVtm 
Wc7>*-7 (NHa ) #Xfcffi(/>5*a&IS{t:£ 

CO l l 5] H4ttB3©idigfB«*»/aLfc8«±K: 

**ftasffi*/s^T 1 1 1 -vmt&®)¥mfrmBi8. 
?z>xm<F>wmmx°h& 0 s«4 1 ^wf&wt&^a 
*a«^fflfc-t y h U *jfo?fx i: n h 3 Jixttim 
L*««6 1 0 5 OTOjfcftiBSBcJHffrs. /SSSgtf 
«SUT6^&, h t>Lffim?k 5 c c/S# 

■PW&U NHa fit* 5 0 0 0 c c /tS&T* 1 0#g 
«WW«C«, $ftSI«4 4 KG aN!4 5<D fl 
-10 1} ffi*»6**7r-fey h«a*«ft«*fe (0 
4 (a) ) . 

CO 1 1 6] S&fc, 3 0#^SSxt?**i/+;l//£S 
3£a3£T'G aNJ!4 5 <D 7 7 -fey 
HPBB«BK*fc ®4 (b) ) „ 
Co i i 7] x^*$/+;i/j«*%«ttse:i:k:«kt)G 

aNS4 5<D7T-fe-y USii£Si6&& (04 
(c) K «*IW»Ctt. 1 2PfigcD/&ft-ei 0 0/jmS 
«<0¥fflft«iB%#r*G a Nd4 5*Jft**tffc (0 
4 (d) ) o 

CO 1 18] 3»H®^0tfSffii«K£jftLfeGaN 

CO 1 1 9] 4*tm?jftKlfcGaNjm*RH&ltt 
C<D±KU— If, FET\ 3b\fcT>*HBT&H 

CO l 2 0] ■£e,tcV7T47WA4 1«9MMFICJ:? 
THS6-r*CfcT, GaNl4 5^Sittfii:LTffl^ 

CO 1 2 1] m4 0Hffls^ljT*(i, GaN^<Oxlf^+-> 
*;H£*fc/vf F^f KV P EfefcfflVTJ&SLfctf, 
WS^ffc^tlMtgfiicfift (MOCVD) £ffl^Tk|I| 

a«a*fl^&n4o sfcA iz o 3 s«4i*ffl^ 

tct>\ S i Z n OSffi. S i C&K, L i G a O 

2 m MgAi 2 cu wmzm^xtfmizM 

SAmtlSo SetAlz 0 3 *«4 l±lcJ&ji<D 
GaNM4 2*&&frUiMgjSL;fe#, S«4 l±Kjt 



(11) Wl 0-3 1 297 1 

20 

CO 1 2 2] Sft-7^4 3 tLXS i O2 *fflV>ft 

CO 1 2 3] SfcG a N©xtf*:^>-wl/j£ftK:ov v C 
InGaNl^ AIGaNl, InNE G 
a PJW&Sl^ttG a A si$:iW+i'tMlLTfe 

nsiaftjftsa'B&n*. s&iosg-rsi i \-vmt 

C 0 1 2 4 ] (If? 5 *5»»0S 5 

CO 1 2 5] S«5 HCti, 1 /im<D8UpCDG a NSM5 
2jWg(RSftfc (0 0 0 1) KW77^7lffi5 1 * 

CO 1 2 6] C<DS«5 1 Affile S i O2 MfcJftS 
U 7*h'Jy^77-f-ffii:7X-y H^fy^l 
1 <DVX* 5 3 tig 1 CDfiEft^«5 4 fc#*Lfc 0 % 1 
©JS*«(W5 4 , fcJ:t>*3S 1 <DTX^ 5 3 It, ZftZtl 

72flR)«\ < 1 l-2 0>£Uc (05 (a) ) „ 
20 [0 1 2 7] SBl0j8*«W5 4Cja»r*iSl0Ga 
Nil 5 5«, JbfB^AKfMl fcEttWc 1 I I ««»K* 
VVL. (Ga) fcttffc** (HC 1) <D%&£imr-& 
%>mtm 72* (G a C 1 ) 4: V»J|CRfc:7> ; E-7 
(NH3 ) ^»^a^K7^KVPES» 
fc, ®£5 1 £/vf F©J0H«Mfc-fey h U 7J< 

xsHftraftftfift 1 0 0 o*cfc#HB-r*. 6 5 ot© 

Z&*fr£««5 l£NH 3 A'X^HMtc-r^o 
«WSBBbT*»6, H C 1 1 0 c c/*£THW& 
U NHs Si«4 00 0c c/«^T*6 0^OfiKfi 

30 t% mKommn-vmLrcmioy (a) ( e ) © 

^«Xig^«T, % 1 OVA^ 5 3 *ffliM&A/teaS 1 O 
GaNl5 5*&ti£?Z (05 (b)).Sl<OGaN 
M5 5«giaft, NHa #Xf?BMT-&g£T-ftSlU 

CO 1 2 8] ^tc, G a NH5 5±lcBtf S i O2 M 
*»«U JB2OjjaMHW5 6fcJB2<0V^5 7*« 
^-T^o ^n^tKDT.Y'y^ymt. 2/im, fc'.J;D*5 
/tmT'feD, Xbv-l'^iKl l-2 0>^Lfc 

(05 (c) .) o C(DS«5 l±fc, jftf, ^lcDHJg 
40 WPBWUfcHl© (a) A>5 (e) ©^cftlg^ig 
T, I2C?X^5 7£ri!46j^ *5<fc^- 1 5 0 ^m© 
S 2 ©G a 5 8 *lSS«-&¥ffl{kLfcaiB*^fc 

(05 (d) ) o 

CO 1 2 9] ^SL^20GaNl5 80»iH 
aaa^BflHttTiKfcJgS, ^Pfi*M O 5 cm 2 J-X 

CO 1 3 0] ^5<D5SS60)J-P«, G a N§t©xfcf*:^> 
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%®&m<k£mfffif$.mm (mocvd) *m^Ti>wi 
mzymmztiZo £tca 1 2 o 3 mm i zm^ 

tci)\ S i WR, Z n OSR, S i C»«, L i G a O 

2 as. MgAiz o 4 mw$*m^T^mm.wh 

m^f^n-So J6tAl 2 03 mW.5 1 ±lcG a N 

f\ »s±fcG aNis 2£$ft-e-r\ asm 1 

*5 3£jjStftLT&<fctV 

[0 1 3 1] 3fcLTS i O2 £J8^7c 

tfcntdS^nStcDT-fiftC SiNx HO^feBM* 

« Hft^ttT'fecfc^o $fcGaN©xlf 

^^-W^gKO^Tjf^fctf, InGaNl, Al 
G a Nl, InNl, G a PH&SI/HiG a A sH£x 
t!^*^;V^fiLTt|p)«l^^#e.nSo 2 5>le 
$ft-f£I I 1 -V^b^C^i^O^QLTtlBItt 

[0 13 2] ^mm^WmX'i.tG a N&<D III- 

^tfii&si 1 1 -vm\t^*m<k<Di8mm<im 

[0133] (fg 6 <D *S§B£cO|g 6 <DWm\\Z 

O^T, 06£#^LTtHB>?f&. 06ti*^(Dxe 
*4^>*;U)&S%G a NH©/£ft(Cfl§t/\ ££{C<:<DG 
a NffiLtfc G a N«»{*b— ?£§£g-f ^Ig^lHW 

[0 13 4] 06lC^-fSffi6 1 Cti, 1 nmCOmm?) 
GaNi6 2«?n/c (0 0 0 1) fficD^r^ 
SK6 1 Zm^fco C<DW&Q 1 Affiles i 0 2 IMrJg 
tfU ^l^e»^4cD*5iiWi:P1itc7^h'JV^7 
^-Sfc^xy hx-y^i/^T'fg 1 ©VX^6 3 tig 1 

<oi&mmm& 4 ic#gtLfc 0 m 1 <ois.mmm6 4 s 

tfgSl<DV7.£6 3 ^JVfftS -trm fcj:0*2 (im 
OXb^T^ilL/co Xh^T^lRl^ <1 1-2 

o>7?irj^p. 1 o&miTBi&Lrc me (a) ) „ 
[0 1 3 5] m 1 <Dj$.mmH6 A\Z-f8m-%W. l OG a 

nsi6 5 a, ±ta<D*»j 1 fcraat 1 1 1 mmicx 

(Ga) tMi&m (HC 1) OSlCtogtlT'fe 
SttffctfU 7 A (G a C 1 ) t vmMRK7>*-7 
(NHa ) tfXfcWS'W FV P Ei££ffl^ 
fco »«6 1 */W YvJ mdt&mwtc-b'y h U 7K 
f?t#BMT'$ftfifi 1 0 0 O'Ctc^SI-^o 6 5 0TO 

sarins 5 i^NH 3 *'xi?a«tc-r5o figgrua 

*^SLTfr &, H C 1 SSa^r 4 0 c c /S^T*#J& 
U NH 3 ffifflll 0 00 c c/Wrt. toklfisyy 
(SiH 4 ) ffi«0. 0 1cc/^T'15 0^© 

aatVs m i (omsmz-fsm^rcm i<o (a) ^e. 

( e ) <D$ftIg£*lT, ffl 1 OVX^ 6 3 *8a&A, 



/■£ffiJ12 0 0/im©^l©GaNK6 5?rJgfig-r« (0 
5 (b) ) o Sl©GaNS6 5^JB^ NHs H 

aNl6 5H n ST\ 1 x l 0 18 c m- 3 tX±0++ 'J 

[0 13 6] G a N3MIMW*:l^-mfiOffiH»C 
tt, WtS^Rfk^MffifiStftj* (MOVPE) *m^Ttt 
Mbfco GaNflt6 5*#jm MOCVDSMfc-fev 
FU 7j<|g#HaT*fiSc*jaK 1 0 5 0 , ClC^S-rs o 6 

io 5 0t<DSgfrP>NH3 tfTJIfflSUCl"*.. Si£?£ 
JlIlL/cl ■inrKDJS^nSG aNl66, S i *ffl]QL 
tcO. 4 iim<DB2<Dn%HA 1 o. isG ao. ssN^^-y h 
■ 6 7, Si£iSlQL7c0. l(im<OI?OnSGaN 
3fc#YFB6 8, 2. 5nm«i?<07yK-yin 
o. 2 G ao.8NM?#p«t 5 nmOIJ©7> F-7°I 
no.osG ao. 95 N^gJi*>e.^S 1 0J18!<O#M?# 
P«JS?Stt«6 9, -7^->7A (Mg) *SstaLfe2 
Onm©)l20plAlo.2Gao.8Ni7 0, Mg£i$ 
SDLfcO. 1 /im£0^cDpSGaN)fe^'i' KH7 K 

20 MgfcSitaLfcO. 4/-mtOJ»S0pgAlai 5 Ga 
o.ssN^y F/f 7 2, MgSrj&boLfcO. 5/im<Dif 
S©p5!!G aN3>?^ b«7 3%J«SWBlSb^— tf- 

Lfcfttt, HNs 7?X5?H«T-«lgST*^aiL. $S 
(06 (c) ) o 2. 5nm©Jf;£<£> 
7>F-7*I no.2Gao.8Na?#FJlt5 nmOf? 
<07VF-7*I no.osG ao.95NWiSf fr££3£M 
WPIMi 6 9 tt, 7 8 0 TCtDfiS-ejftS L/c„ 
[0 13 7] ^{t, U-lf-^^Jg/SL/c-9-771'7 
30 »R6 1*WaB§K:-bybU ^77^7M6K G 
aN«6 2, Si O2 6 3, fcitfG a NM6 

5©5 0 /im»feLTGaNM6 5%Sta^^o 
UfcGaNB6 5ffitCtt, (T i ) -7;PS (A 

1) <DnMWS7 4^J^U pS<OGaN)l73±lC 
(i-.y^r;l/ (Ni)-i (Au) £DpS*&7 5*flgfiS 
•TS (06 (d) ) „ 

[0138] MGizmis-ymmx-it, mmic n st 

[0 13 9] Sfc, ■9-7T-<7fcGaN3R*ilW*fc'4IS 

[0140] cnicftu ^mmmzHm^xmi^prj: 

V^GaNH6 5^H<fiEg-rSCt^T-t^fci6. -9"7 
r-Y78« J f'TX^^%^LT l £.G a N 6 5±KJ£ 
^cLfcG a N3M|s««*OU--«fllBfiKtt»itt*< , * 
50 fc G a NJi 6 5 ±<0 U-1fllBfi»4'\#IIHc «k *) «fi§§ 5 
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±Lfco 

CO 1 4 1 3 #Hflg0>JT*l2u GaNI6 5±KU— «f- 
WE36AUTi^&. ^7r^7li5K GaNl6 
2, SiOz 6 3*§WLfcft U— 9HPBB* 
fWr<&Mfctf77>f7»R6 K GaN!6 2> Si 

[0 14 2] ■9-7r-<78«6 
1 , G a NH6 2, S i Oz TX^7 6 *3<t 
tfG a NM 6 5 <D~^mm LT> n £®lff*j£j8 L 

aN16 6*fctt6 5*Tl»*LnSWB*»jaU « 
[0 14 3] 

g*ffi-rci:-e, iss-rsi i i-vRft£ti¥**i 
©i i i-v«fk^*¥a«*»«Bj*r*ci:A^* 

flK©¥SK**f, «*tfb~»tflli» , f\ h7» - X^< 

ran i i-vmt&va*w*<mmm 

[02] AlGaNl^iStlfeMgAlz 0 4 IS 
KhlC/vf K^f K V P ES^ffl^T, G a NWHKA 

[H3] m^\c^tf^f/^M8Xktioxm/m 
[04] m3<Dwm, RcmewotiUM 

[05] *mSD*&J^ZBm*>MLTB&l,1tG 
a NH<D«tS0T*&S o 



[06] *fWW»WKra*ffii,^TJB«UfcG a NH± 

kg a N3R*«(:u— *r-ffim*Bm-zjo&<Dwm 

[Mi 

l 1 s& 

1 2 macfcrtstifc i 1 i-vmtt&ii&wm 

13 III -V^k6ttMft^«l£S^Sj£ftfW« 
1 4 VX£ 

1 5 xfcr**$/*/i/j«gi,fc I I 
if Ml 

16 III -VKfb£»¥SWW>7r-fey h«BS 

2 1 (00 0 1) ffi<D-9-77-T7»fi 
2 2 GaNH 

2 3 VX^ 

2 5 xlf**v/-Wl/$ftLfcG aNl 

3 1 (111) iOMgA lz 0 4 Sffi 

3 2 1 /tmcDGaNIg, SfcttA 1 GaNl 

32 s«±t«j«*nfcjass« 

3 3 a«±fcJB«UfeS i 02 m<D-?x? 

20 3 4 xe**S/+;mfiSLfcGaN^7rJI 

3 5 /vrre'of KVPE&PJ&SLfeGaNK 

4 3 vx^ 

4 4 

5 1 (ooo l) mtDy-yr^JSM 
5 3 SlKDvX^ 

5 4 Ml 1 cD/SSfliS 

5 5 Hi COG aNA 

5 6 mzomoM 

5 7 S2©'VX? 
30 5 8 g!2<DGaNJI 

65 nSGaNl 

6 6 nSGaNl 

6 7 nSA lo. isG ao.ssN^^-y VM 

6 8 nfGaNWKl 

6 9 i ommnzmm^ttpwmmm 

7 0 pSAlo.2Gao.8NH 
7 1 pSGaN»fKJf 

7 2 pUA I0.15G ao.ssN^-y KJf 

73 pSGaNny^hJl 

40 7 4 T i-A KDnUfcffi 

7 5 Ni-AuOpS«@ 
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